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Abstract 
Aiming at insufficient analysis and research on seismic response of multi-arch tunnel, establish 
numerical analysis model by FEM. Initial stress and displacement field of tunnel structural system under 
static force are firstly obtained, then dynamic response analysis are carried out for tunnel structural 
system on the basis of Johnson-Epstein acceleration time-history curve which is equivalent to El-Centro. 
Results indicate that horizontal displacement of structural system is far more than vertical displacement 
under the action of horizontal seism, thus it should pay more attention to ground deformation caused by 
oscillation of shallow tunnel under action of seismic load. Top of middle wall is the weakest part of multi-
arch tunnel in seismic resistance, followed by bottom of middle wall.  
Keywords:Seismic Response;Multi-arch Tunnel;FEM 
1.Introduction 
With rapid development of highway construction, multi-arch tunnel are applied more and more 
frequently. Many scholars have studied on this novel structural type, yet there hasn't any report of 
analysis on seismic response of double-arch tunnel. Relying on Hujiaba Tunnel and based on ANSYS, 
simulate excavation and supporting process of shallow double-arch tunnel with the method of load release 
and obtain the initial stress and displacement of surrounding rocks and supporting system when the tunnel 
is just completed. On this basis, conduct 2D seismic response analysis for the tunnel under horizontal 
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shock excitation by means of time-history analysis, obtain displacement character and stress character of 
tunnel structure, and furthermore analyze the weakest part of the tunnel structure in seismic resistance.  
2. Calculating Model 
In initial stress calculation, unit ekill technique in ANSYS is directly applied to crustal stress release, 
unit ealive technique is carried out to supporting at the same time and the material will be dealt with 
flexible model. Simulated construction process is shown in Diagram 1. Surrounding rocks and second 
liner is plane strain unit PLANE42, steel falsework is beam unit BEAM3, and material is flexible model. 
Some researches have indicated that better calculation precision could be obtained when partition range 
of dynamic calculation grid is taken as 8-10 times of excavation region. According to the project relied 
on, burial depth is 16m and calculation range is 8 times of excavation region, see Diagram 2. In order to 
save machine time, short time-history manual scanned seismic record, i.e. Johnson-Epstein sinusoidal 
scanned seismic record, which is equivalent to El-Centro seismic acceleration, is adopted (see Fig. 3). 
This special sinusoidal scanned seism has similar response spectra with real seism. The advantage for 
adopting such seismic wave is its short lasting time which could save calculation time. 
Fig.1 Initial stress calculation process 
Fig.2 Numerical model 
Fig. 3 Johnson-Epstein seismic response time-history curve  
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3. Calculation Results and Analysis 
Calculate strain state of stress when the tunnel is just completed; take Johnson-Epstein seismic 
acceleration as input seismic oscillation and calculation time as 0.001s, calculation results and analysis 
are as follows.Fig. 4-Fig. 7 show part calculation results. Under the action of Johnson-Epstein seismic 
acceleration, the maximum horizontal displacements on profiles of I-I (right arch apex), II-II (right side 
wall), III-III (right inverted arch), IV-IV (mid-wall bottom), and V-V (mid-wall top) when the time t is 
2.26s, 2.51s, 2.52s, 1.72s and 2.34s are 54.56mm, 22.42mm, 28.02mm, 56.01mm and 43.30mm 
respectively. When t is 2.36s, the maximum vertical displacement on profile of I-I (right arch apex) is 
14.18mm. Relative horizontal displacement of top and bottom of mid-wall is between 20-40mm. And 
mid-wall has reverse deformation under the action of seismic load, vertical deformation of mid-wall is 
upward or downward displacement at the same time with maximum difference between top and bottom of 
6mm, which indicates that vertical displacement difference is not the major cause of the internal force of 
mid-wall. 
Under the action of seismic load, the oscillation of shallow tunnel would generally cause ground 
deformation, and each point of the ground will have large horizontal displacement with the maximum of 
234.7mm, which is harmful to the county highway above Huajiaba Tunnel. Horizontal displacement of 
each point is far more than vertical displacement. There is seismic subsidence (downward) as well as 
uplift (upward) of ground displacement, while uplift is larger than subsidence. However, downward 
displacement of mid-point of ground is far less than rise, which is mainly showed by surface uplift. 
When time of tunnel lining is at 1.71s, 1.13s and 1.82s, tensile stress of right arch apex (I-I), side 
wall (II-II) and inverted arch (III-III) will be the maximum, respectively 0.36MPa, 0.21MPa and 
4.57MPa. And the maximum pressure stresses of these three places are respectively 7.14MPa, 15.81MPa 
and 11.90MPa when t is 1.53s, 1.98s and 2.13s. For the mid-wall, when t is 2.69s and 0.98s, the 
maximum tensile stresses of top (IV-IV) and bottom (V-V) are 2.6 MPa and 3.4 MPa, and the maximum 
pressure stresses are 29.8 MPa and 23.79 MPa when t is 2.30s and 1.89s. Generally, at the response time 
of the maximum displacement of tunnel structural system, there may not have the corresponding 
maximum stress, vice versa. The maximum tensile stress and pressure stress of structural system of multi-
arch tunnel, under the action of seismic load, have both improved largely, and are higher than the 
common single-hole two-lane tunnel. Moreover, enlargement impact of mid-wall is larger than that of 
tunnel lining, which indicates that seismic load has enormous impact on multi-arch tunnel. The maximum 
tensile stress and pressure stress of tunnel lining have not exceeded the standard strength value of C30 
concrete. Maximum pressure stress of bottom of mid-wall is 0.06% higher than maximal strength value of 
C30 concrete, and that of the top hasn’t exceeded the maximal strength value of C30 concrete. The 
maximum tensile stresses of bottom and top of mid-wall exceed the maximal strength of concrete by 18% 
and 55%. Thus the tunnel lining under the action of Johnson-Epstein seismic acceleration will not be 
destroyed. Local pull crack will happen to top and bottom of mid-wall due to tensile stress, which 
indicates the top is the weakest of arch-tunnel in seismic resistance, followed by the bottom. As a result, 
the joint of mid-wall and left and right arch should be strengthened, and it is better to strengthen the joint 
of bottom of mid-wall and inverted arch. 
Fig. 4 Response time-history of horizontal displacement of arch apex /mm
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Fig. 5 Response time-history of vertical displacement of arch apex /mm 
Fig. 6 Response time-history of stress of arch apex / MPa 
Fig. 7 Response time-history of stress of top of mid-wall / MPa 
4. Conclusion 
1) Under the action of horizontal seismic force, horizontal displacement of the structural system is 
far more than vertical displacement; 
2) Ground horizontal displacement under shallow burying is more. There is seismic subsidence 
(downward) as well as uplift (upward) of ground displacement. It should pay more attention to ground 
deformation caused by oscillation of shallow tunnel under action of seismic load; 
3) Top of middle wall is the weakest part of multi-arch tunnel in seismic resistance, followed by 
bottom of middle wall; 
4) Local failure shall happen to the tunnel under the action of Johnson-Epstein seismic acceleration; 
5) Primary research on seismic response of multi-arch tunnel in horizontal seismic force with the 
background of shallow double-arch tunnel; the influence of burial depth of tunnel and surrounding rock 
parameters; further in-depth analysis shall be conducted for shock absorption measure of multi-arch 
tunnel, 3D seismic response analysis, etc.. 
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